Purpose Biochar has potential as a valuable tool for the agricultural industry with its unique ability to help build soil health, increase physical properties of soil, soil pH, organic carbon content, conserve water and mitigate drought, reduce GHG emission, conserve nutrients, decrease fertilizer requirements, sequester carbon, increase crop productivity and serve as a most preferred habitat for microbes. In this study, three perishable biomass wastes viz. Pea pod (Pisum sativum), cauliflower leaves (Brassica oleracea) and orange peel wastes (Citrus sinensis) were carbonized and characterized for differential application. Methods The biomass was subjected to carbonization at different temperatures from 100 to 600°C for 1 h. Biomass and biochar samples were characterized for proximate (M, VM, FC, Ash), ultimate (CHNS-O), biochemical properties (Ce, He, Li), thermo gravimetric analysis, pH, EC and bulk density. The biochars were also analyzed through SEM and FTIR for identification of pore size and functional groups. Results The char yield was high in cauliflower leaf (30.16 %), followed by orange peel (25.54 %) and pea pod (21.154 %) at 300°C. The total organic carbon (11.61 %), total negative surface anions (4.25 mmol H ? eq/g C) and water holding capacity (200 %) were high in pea pod biochar. The SEM images of biochar samples showed plane cleavage surfaces with broken edges. The surface functional groups of all the three biochar samples were hydroxyl, methyl, carboxylic and alkene groups. Conclusion The pea pod and cauliflower leaf biochar showed higher values of organic carbon, total surface anions, water holding capacity and mineral content and performed as best soil amendment than orange peel biochar. These biochar can be used as an effective medium for increasing soil carbon, irrigation efficiency and efficient disposal of agricultural waste-biomass.
Introduction
Climate change is one of the most important challenges faced by the modern world. In many developing countries efforts are taken to reduce avoidable greenhouse gas emissions or off-setting unavoidable emissions through sequestration of C (Lehmann et al. 2006) .
Biomass is the world's fourth largest energy source and the first in developing countries representing 14 and 35 % of primary energy (Hall et al. 1992 ). Globally, biomass has an annual primary production of 220 billion oven-dry tons (odt) (Hall and Rosillo-Calle 1998) and India produces nearly 370 million tons of agricultural, forest/biomass wastes per year (Pappu et al. 2007) . Among all the available lignocellulosic biomass, agricultural wastes such as corn stover, wheat straw and rice straw are produced in huge amounts globally (Loow et al. 2015) . Biomass stands a greater chance of prevailing as a good source for the production of bio-char, which in turn can be a solution for waste management. The abundance and availability of agricultural by-products make them good raw materials for biochar production and excellent sources for waste management (Sugumaran and Seshadri 2009) .
Bio-char is a fine-grained, black, solid, carbon-rich (70-80 %) porous substance produced from thermal decomposition of biological wastes (e.g. wood waste, agricultural biomass waste and manures) in the absence of oxygen at relatively low temperature (\300°C) (Lehmann et al. 2002) . Biochar has large surface area and high porosity, tending to increase with increasing pyrolysis temperature until around 850°C (Lua et al. 2004; Brown et al. 2006) . Many biochar products have alkaline pH (Gaskin et al. 2008; Spokas et al. 2012) , which can decrease soil acidity, creating a more favorable habitat for many plants and microbes. Biochar has high capacity to adsorb cations and anions from solutions, including a variety of polar and nonpolar organic compounds. Wood-derived biochar have a cation exchange capacity (CEC) up to 490 cmol C/kg (Radlein et al. 1996) and an anion exchange capacity (AEC) of 88.2 cmol C/kg (Fujita et al. 1991) . Biochar application to the soil has been reported to boost soil fertility and improve soil quality resulting in increased crop yields. Soil benefits include raising soil pH, increasing water holding capacity, improving cation exchange capacity (CEC) and retaining nutrients (Glaser et al. 2001; Lehmann et al. 2003 Lehmann et al. , 2006 Gaskin et al. 2008; Laird et al. 2010; Novak et al. 2012) . Biochar is a low-cost product and has been tipped as an excellent soil amendment for sequestering carbon, for increasing organic carbon, water retention and to provide a preferred habitat for soil microbes (Atkinson et al. 2010; Sohi et al. 2009; Stavi and Lal 2013) .
In the present study, perishable wastes such as pea pods, cauliflower leaves and orange peel wastes were used for the production of biochar and both the biomass and biochar were characterized for proximate, ultimate, biochemical, thermo gravimetric analysis, pH, EC, Bulk density and water holding capacity.
Materials and methods

Biomass collection, processing and characterization
Cauliflower leaf (CL), orange peel (OP) and pea pod (PP) wastes were collected from Thiruvanmiyur, Chennai, Tamil Nadu, processed (Sugumaran and Seshadri 2009) and subjected for proximate, ultimate and biochemical properties such as moisture, volatile matter, fixed carbon, ash [ASTM D-3172-89 (2002) ], cellulose, hemicelluloses and lignin (Goering and Van Soest 1970) . After drying in a hot air oven at 110°C for 24 h, they were pulverized to fine powder, sieved and used for further characterization and biochar production.
The fine powdered (40 mesh size) samples were used for elemental (CHNS-O) analysis using Perkin-Elmer 2400 Series. Thermal analysis (DTA/TGA) was carried out using Perkin-Elmer STA 6000, simultaneous Thermal Analyzer and the devolatilization rate of the biomass wastes was determined. TGA of each sample was recorded from 40 to 800°C at a heating rate of 10°C/min under the nitrogen atmosphere (N 2 with a flow rate of 90 mL/min) and the weight loss at different temperatures was recorded.
Biochar production and characterization
Biochar yield at different temperatures
Air dried biomass samples were pyrolyzed in an electrical muffle furnace at different temperature ranging from 200 to 600°C for 1 h. The percentage of biochar yield was calculated using the equation described below (Sadaka et al. 2014) .
where Yield biochar = mass yield of biochar, %; m biochar = mass of biochar, kg; m raw = mass of raw biomass, kg.
Physical and chemical characteristics
The surface morphological changes of biochar samples were investigated using a scanning electron microscope (SEM, Make: JEOL, Japan) equipped with an energy dispersion X-ray spectroscopy (EDX). The pH, electrical conductivity (EC) and bulk density of the biochar samples were determined by procedures outlined earlier (Ahmedna et al. 1997) . For pH determination, 1 % (w/ w) suspension of biochar in de-ionized water was prepared and the suspension was heated to 90°C with stirring for 20 min. The suspension was then allowed to cool to room temperature and the pH was measured using pH meter (Ecoscan, Eutech, Singapore). For EC determination, 1 % (wt/wt) solution of biochar in water was stirred at room temperature for 20 min, the electrical conductivity was measured using an Ecoscan conductivity meter (Eutech, Singapore) and values were presented in micro Siemens (lS).
For bulk density, a glass cylinder (25 ml) was filled to a specified volume with 40 mesh powder biochar, dried in an oven at 80°C overnight. The cylinder was tapped for 1-2 min to compact the char and the bulk density was calculated and presented as g/ml following the formula (Ahmedna et al. 1997) :
Total negative surface anions (TNA) in biochar samples were determined following Bohem (1994) . A small amount of bio-char (0.25 g) was mixed with 25 ml of 0.1 M NaOH containing 500 ml conical flaks and stirred for 20 h. After stirring, the sample was filtered through 0.45 lm pore size filter. Then 10 ml of filtrate and 15 ml of standard 0.1 M HCl were mixed and base titrated against 0.1 M NaOH. The volume of NaOH required to neutralize the sample was converted to total surface charges. The total surface anion capacity was expressed as mmol H ? eq/g C. Total organic carbon content of different biochar samples were analyzed using total organic carbon (TOC) analyzer with solid sample module (SSM)-(Make-SHI-MADZU-Model TOC-L and SSM-5000A).
Water holding capacity was determined by following the methodology detailed by Dugan et al. (2010) . Twenty grams of air-dried biochar sample, in triplicate, was put in a plastic container and placed in a dish of water. This was allowed to saturate for 6 h. The container was removed from the water and covered with cling-film to prevent loss of water by evaporation. It was then hanged on a retort stand overnight to allow drainage. All samples were allowed to drain for the same amount of time. The percentage of water holding capacity was calculated using the following equation:
Then, biochar was carefully removed from the container, put in a pre-weighed container (M 1 ) and the total weight of moist biochar with container (M 2 ) was taken. The samples were then dried in an oven at 105°C until no further water loss occurred and reweighed to record the oven-dried sample (M 3 ). The surface chemistry of biochar samples was analyzed through FTIR transmission spectra (Gomez-Serrano et al. 1999 ) recorded using a Thermo Nicolet Avatar 370 FTIR spectrophotometer in the wave number range of 4000-400 cm -1 . The char samples were ground with KBr (AR grade) at a ratio of roughly 1/1000. Five hundred milligrams (2 mg) of oven-dried (110°C for 12 h) fine powder was made into a pellet by continuously pressing at 5 ton/cm 2 for 1 min and 17 ton/cm 2 for 2 min using a hydraulic pump. After preparation, the pellet was analyzed immediately, and the spectra were recorded to 1 cm -1 resolution. A pellet prepared with an equivalent quantity of pure KBr powder was used as control. 
Statistical analysis
All the experiments were carried out in triplicate and the results were expressed in average values.
Results and discussion
Physiochemical characterization of biomass
The proximate analyses of the biomass samples viz. moisture (M), ash (A), volatile matter (VM) and fixed carbon (FC) are presented in Table 1 . While the moisture percentage ranged between 7 and 13 %, ash ranged from 3.50 to 18.86 %, and volatile matter and fixed carbon ranged between 51-78 % and 18-39 %, respectively. Orange peels (OP) recorded higher moisture (13 %), followed by cauliflower leaves (CL) and pea pods (PP) 9 and 7 %, respectively. The volatile matter was high in PP (78 %) followed by OP (70 %). The fixed carbon (39 %) content was high in CL (39 %) and OP (24 %) and the values for PP were very low. While the results observed in this study are very closer to the earlier reports (Iyer et al. 2002; Sugumaran et al. 2012) , they indicate the uniqueness of the biomass samples studied. When the biomass was classified based on ash content as low (\5 %), medium (5-10 %) and high ([10 %) (Iyer et al. 2002) , the PP was low, CL was medium and OP was high. The C, H, N, O elemental analysis results of different agricultural wastes (43.8-58.30, 2.6-7.0, 0.4-6.8 and 32.05-50.20 %) were almost similar to earlier reports (Budinova et al. 2006; Sugumaran 2009; Sugumaran et al. 2012) . The C, H, N, O composition analysis of different biomass wastes (Table 1) shows that OP recorded higher C (40.43 %) and H (4.83 %) with low N (1.56 %) content. CL recorded high N (4.01 %) and low carbon content (31.80 %). The amount of oxygen (53 %) was almost similar in all the biomass samples. The hydrogen to carbon ratio (H:C) is a term often used to measure the degree of aromaticity and maturation of the biochar, which is linked to their long-term stability in the environment (Schmidt and Noack 2000) . All biochar samples in this study had H:C ratio \0.12 indicating a graphite-like structure in the biochar. Similar results were reported by Krull et al. (2009) .
Cellulose and lignin are generally recognized as major components of the biomass and lignocellulosic materials can be regarded as a mixture of 40-80 wt% of cellulose, 15-30 wt% of hemicelluloses and 10-25 wt% of lignin (Carrier et al. 2011) . In the present study, the biochemical properties like cellulose, hemi-cellulose and lignin ranged between 40-54.10, 41-50 and 3-12.0 %, respectively (Table 1) . While the cellulose (54.10 %) and lignin (12 %) content was high in OP, the hemicellulose content was almost similar in CL (50 %) and OP (49 %). Lignin content was very low (3 %) in PP than in other biomass samples. Though these values are different from earlier reports, they fall under the broader range values obtained in different biomass samples reported earlier (Sugumaran 2009; Sugumaran et al. 2012 ).
Thermo gravimetric analysis
It is well known that, in Pyrolysis, temperature plays an important role in product distribution, yield and characteristics of carbon production (Putun et al. 2002; Srikanth et al. 2004 ). In the present study, four weight loss stages were observed in OP and CL and three stages in PP (Fig. 1) . The 1st stage indicating the loss of entrapped water molecules was in the range between 5.8 and *6.9 % at *100°C (Shak and Wu 2014) . In the 2nd stage, maximum devolatilisation was observed in PP (*59 %) followed by OP (*55 %) at temperature between *150 and 260°C where maximum moisture content gets eliminated and cellulose starts decomposing. In the 3rd stage, the cellulose and lignin components as well as other complex aromatic structures get decomposed (Teh et al. 2014) . Maximum devolatilisation was noticed in CL (*42 %) followed by OP (*31 %) at 200 and 450°C. Two biomass wastes could withstand the fourth stage and the corresponding devolatilization rate was *3.4 % in OP and *2.3 % in CL at 400-700°C, respectively. Among the samples tested, PP waste decomposed completely at 3rd stage, whereas OP and CL biomass decomposed at 4th stage due the presence of high lignin content of biomass. According to Yang et al. (2006) , the whole process generally proceeds through a series of complex reaction pathway or divides into four ranges, where \220°C is for moisture evolution, 220-315°C for predominantly hemicellulose decomposition, 315-400°C for cellulose decomposition and [400°C for lignin decomposition.
From the results it is clear that the devolatilization is specific to the inherent composition of the biomass studied (Yang et al. 2006; Yagmur et al. 2008; Sugumaran 2009; Sugumaran et al. 2012) .
Biochar production and characterization
Several studies indicate that the yield of biochar is highly dependent on the pyrolysis conditions such as temperature, heating rate and heating time (Tsai et al. 2007; Uzun et al. 2006) and is also greatly influenced by chemical, physical and biological properties of the biomass (Knoepp et al. 2005; Lehmann 2007; Chan and Xu 2009; Basta et al. 2011) . Biochar yield was found inversely proportional to temperature in all the samples subjected to biochar production at different temperatures from 200 to 700°C for 1 h in the absence of Oxygen (Fig. 2) . The optimum temperature for char yield was 300°C where maximum values were observed in CL (30.16 %), OP (24.54 %) and PP (21.14 %). The char yield decreased rapidly with increasing temperature from 200 to 700°C. Similar results were reported for other agricultural by-products such as wheat-straw (32.40-22.8 %), corn-straw (35.50-24.90 %) and peanut-shell (36.80-25.80 %) biochar samples where the char yield reduced as the pyrolysis temperature was increased from 400 to 700°C and held constant for 1.5 h (Gai et al. 2014 ). In the pyrolysis process, lignin is the main component responsible for higher char formation, while hemicelluloses and cellulose contribute more volatile components (Sugumaran and Seshadri 2009; Maia et al. 2011; Sugumaran et al. 2012) . In this study, the lignin content and char yield both were high in CL and OP. The SEM-EDX analysis of the biochar samples is given Fig. 3 . The SEM images of PP biochar showed that plane cleavage surface as the pyrolysis process would have stabilized the volatile hydrocarbons, smoothening the surface of biochar. The SEM image of CL biochar was like a molded skeleton with small pores and uneven surface structure. But in OP SEM image, the biochar had broken edges with tarry deposits on the surface. Generally, these biomass wastes contain low lignin and high volatile matter content which affects the pore creation in biochar (Lehmann, et al. 2011 ). The energy dispersion X-ray spectroscopy (EDX) of three different biochar samples indicated that the CL biochar has more minerals (C, O, Na, Cl, K, Ca, Mg) followed by PP (C, O, Cl, K, Ca) and OP biochar (C, O, K), where these mineral agglomerates are close to the values reported earlier (Varela Milla et al. 2013) .
The pH of the carbon directly impacts the adsorption process when the carbon is used in filtration process. Therefore, a neutral pH is generally preferred. Many biochar products have alkaline pH (Gaskin et al. 2008; Spokas et al. 2012 ) and the biochar samples in this study also recorded alkaline pH values (8.84-9.84). Electrical Conductivity of the biochar is responsible for exchange of ions. CL biochar recorded high EC (1310 lS/cm) followed by PP and OP. These results were similar to those of Lehmann (2007) and Liu and Zhang (2012) demonstrating that the properties of biochar were greatly dependent on the production procedure and type of raw material. Bulk density of biochar, differing according to the raw materials used, is that of the material comprising multiple particles and includes the macro porosity within each particle and the inter-particle voids. Bulk density of biochar samples in this study varied from 0.37 to 0.65 g/ml. Maximum bulk density was recorded in PP (0.65 g/ml) followed by OP (0.46 g/ml) and CL (0.37 g/ml).
Biochar carbon is made up of easily degradable organic carbon compounds and very stable, polycondensed aromatic carbon structures (black carbon). Balck carbon content is an important criterion for characterizing biochar and also reflects the biochar's stability in the soil (EBC, 2012) . In this study, the PP biochar recorded max. TOC (11.61 %) followed by CL (11.09 %) and OP (10.85 %). However, the total organic carbon content varied among biochar samples (Novak et al. 2009; Rondon et al. 2007; Sohi et al. 2010 ). The total negative surface anions play a vital role in the absorption of nutrients available in the soil and water. The total negative anions ranged from 4.05 to 4.25 mmol H ? eq/g C (Table 2) . It was high in PP biochar (4.25 mmol H ? eq/g C) followed by CL (4.15 mmol H ? eq/g C) and OP (4.05 mmol H ? eq/g C). The amount of negative surface anions recorded in this study was higher than that reported earlier (Novak et al. 2009 ). This could be attributed to the presence of nitrogen (N) and oxygen (O) heterocycles that are responsible for the origin of negative surface anions in biochar. A cellulose biochar, composed almost entirely of C, H and O, was reported to exhibit significant anion exchange capacity (AEC) at pH 8.0 suggesting that the pH-independent O containing functional groups (oxonium, pyridinium and proton adsorption by condensed aromatic rings) contribute to AEC in biochar (Lawrinenko and Laird 2015) . The WHC was high in PP and CL biochar which can hold over 2.0 times its mass of water (200 %) followed by OP (132 %). Yu et al. (2013) reported that yellow pine biochar can hold water over 2.7 times (*270 %) its mass. Several studies on addition of biochar to soil have shown the potential for increasing soil water holding capacity (Chan et al. 2007; Laird et al. 2010; Basso 2012) . However, other factors like the type of biomass, carbonization process, pores, particle size and dosage also determine the WHC of biochar (Novak et al. 2009; Zolue 2013) .
FTIR analysis of biochar samples for surface functional groups are presented in Fig. 4 . The PP biochar showed 5 strong peaks; a peak at 3408 cm -1 corresponded to O-H stretching carboxylic group; a peak at 1600 cm -1 indicative of conjugated C=C phenyl rings; a peak at 1417 cm -1 corresponded to C-H in-plane bends; a peak at 1060 cm -1 corresponding to secondary alcohol, C-O stretch; a peak at 600 cm -1 indicating the presence of C-Br stretch aliphatic bromo compounds (Fig. 4a) . The CL biochar showed six strong peaks in the region of 3400-600 cm -1 . The broad absorption peaks at 3397 cm -1 corresponding to O-H stretching carboxylic acids; a peak at 1582 cm -1 indicating a weak aromatic ring stretch (C=C); a peak at 1437 cm -1 indicative of C-H variable alkenes groups; a peak at 1093 cm -1 indicative of C-O secondary alcohol stretch and a peak around at 875-602 cm -1 indicative of strong bend C-H phenyl rings (Fig. 4b) . The OP derived biochar peaks corresponding to O-H at 3500-3353 cm -1 ; a band at 2920 cm -1 which is attributed to C-H stretching vibration of methyl, methylene and methoxy groups; an IR band at 1592 cm -1 indicative of N-H bend amine groups; a peak at 1374 cm -1 indicative of symmetrical stretch nitro compounds, NO 2 ; and a peak at 780 cm -1 correlated with aromatic C-H bending (Fig. 4c) . Many chemical interactions between biochar and the environment are directly related to its surface chemistry. The presence of functional groups such as the carboxyl and hydroxyl groups suggest that all these biochar could have the possibility to be used as a soil amendment for improving of the cation exchange capacity and as a potential adsorbent (OH et al. 2012 ).
Conclusion
A laboratory study was conducted to characterize three biomass wastes viz. Cauliflower leaf (CL), orange peels (OP) and pea pod (PP), and they were carbonized at different temperatures. The PP and CL biochar had higher values of organic carbon, total surface anions, water holding capacity and mineral content for use as a best soil amendment than OP biochar. This finding is important to establish these biochar as an effective medium for increasing soil carbon, irrigation effectiveness, runoff mitigation and reducing non-point source agricultural pollution. Apart from this, the reduction of voluminous waste biomass to produce biochar through pyrolytic process provides possible ways to solve the management and disposal of the waste biomass in an efficient manner.
